Mass velocity of Bose-gas in the problem about isothermal 

sliding 

E. A. Bedrikova0 and A. V. Latyshe\^ 

Faculty of Physics and Mathematics, 
Moscow State Regional University, 105005, 
Moscow, Radio str., 10- A 



Distribution of mass velocity of quantum Bose-gas in half-space is received. 
Far from half-space border the gradient of mass velocity is set. The mass 
velocity of Bose-gas directly at a wall is found also. All results are received on 
basis of the analytical solution of Kramer's problem. The analysis of dependence 
of velocity coefficients from parametre quantity is carried out. The parametre 
representing the relation of chemical potential to product of Boltzmann constant 
on absolute temperature. Graphic comparison of coefficients of velocity Bose- 
and Fermi-gases is resulted. 

IlojiyueHO pacnpeflejieHiie MaccoBoii ckopocth KBaHTOBoro 6o3e-ra3a b no- 
jiynpocTpaHCTBe. B/iajiH ot rpaHHimi nojiynpocTpaHCTBa 3aflaH rpa,a,HeHT Mac- 
coboh ckopocth. OTbicKHBaeTCH TaKJKe CKopocTb Bo3e-ra3a Henocpe^cTBeHHO 
y CTeHKH. Bee pe3yjibTaTbi nojiyueHbi Ha ocHOBe aHajiHTHuecKoro peniemiH 
3aflauH KpaMepca. IIpoBefleH aHajiH3 3aBHCHMOCTH KosqbcpHuiieHTa ckopocth 
ot BejiHUHHBi napaMeTpa, npeflCTaBjiinomero co6oit OTHorneHne xnMuuecKoro 
noTeHHHajia k npoH3Be,fl;eHHio nocTOHHHoii BojitiiMaHa Ha a6cojnoTHyio TeM- 
nepaTypy. IlpHBOflHTCH rpaabnuecKoe cpaBHeHHe K03Q^dpHinieHTOB ckopocth 
Bo3e- h <PepMH-ra30B. 

BBefleHHe 

KimeTHHecKoe ypaBHeHHe Bojibu,MaHa 6bijio o6o6m,eHO Ha cjiyHaft 
KBaHTOBbix ra30B b pa6oTe [T]. CncTeMaTHHecKoe peniemie rpaHHHHbix 
sa^an fljra KBaHTOBbix ra30B 6bijio npoBefleHO b paGoTax [2]- Ilpa 
9tom Hcnojib30BajiHCb KiiHGTiiHecKHe ypaBHemra c MOflejibHbiM HHTerpa- 
jiom CTOJiKHOBeHiifi [5] THna BrK (BxaTHarap, Tpocc, Kpyic) 

M[f] = feq ~ f , 
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rjj,e t = 1/v - xapaKTepHoe Bpeivia iviejKjjy JiByM5i nocjieflOBaTejibHbuviii 

CTOJIKHOBeHIMMH HaCTIill,, V ~ 3(p(peKTIIBHa5I HaCTOTa CTOJIKHOBeHHH Ha- 

cthh,, f eq - jioKajibHO paBHOBecHaa (pyHKD,HH pacnpeflejieHHH OepiviH— 
^npaKa hjih Bo3e— 9ftHniTeHHa 

f = I 

f» = 1 

J ea 



HJIH 



-1 + exp 

m(v-u) 2 

Jjj,ecb A = KHHeTHnecKaa SHeprna HacTHH, ra3a, u - 

MaccoBaa CKopocTb ra3a, v - CKopocTb HacTHH, ra3a, m - Macca nacTHirbi, 
/eg - nocTOHHHaH BojibinviaHa, T - TeivinepaTypa ra3a, fi - xHiviHHecKHH 
noTeHD,Haji ra30Bbix MOJieKyji (nacTHii,). 

B pa6oTax [7]- [10] Gbijio npoflOJDKeHO aHajiHTHnecKoe penieHHe rpa- 
HHHHbix 3ajj,aH fljia KBaHTOBbix ra30B. Tax, b pa6oTe [7] 6bijio nojiyneHO 
penieHHe 3ajj,aHH o CKanxe xHMHnecKoro noTeHunajia npn HcnapeHHH 
KBaHTOBoro OepMii-ra3a, b [8J nojiyneHO penieHiie 3ajj,aHH Kpaiviepca 

flJIfl <DepMII-ra3a C aKKOMOJiaHHOHHblMH ipaHHHHblMH yCJIOBH5IMH, b [9] 

h [ID] nojiyneHbi penieHHe 3a/iaHH Kpaiviepca cooTBeTCTBeHHO ^jih KBaH- 
TOBbix OepMH- h Bo3e-ra30B c nacTOToft ctojikhobchhh HacTHH,, npo- 
nopHHOHajibHoft MO/ryino hx CKopocTii. 

Pa6oTa [H] nocB5iineHa TOHHOMy penieHHio 3ajiaHH MaKCBejuia o Ten- 
jiobom CKOJib>KeHnn <DepMH-ra3a. 

B paGoTax |T2] — |H] H3ynajiHCb npo6jieivibi TeivinepaTypHoro cxa^Ka 
(conpoTiiBjieHiie Kannnbi) b Bbipo^KfleHHbix KBaHTOBbix Bo3e-ra3ax. 

HacT05iina5i pa6oTa 5iBji5ieTcsi npoflOJi^KeHHeivi pa6oTbi [3]. B [3] 6bi- 
jia penieHa nojiynpocTpaHCTBeHHaa sa^ana Kpaiviepca fljis KBaHTOBbix 
Bo3e-ra30B: HaftfleHa CKopocTb ii30TepiviiiHecKoro CKOJibJKemisi B/jpjib 
njiocKOii noBepxHOCTH h nocTpoeHa (pyHKinisi pacnpejj,ejieHH5i jieTimrux 
k CTeHKe MOJieKyji HenocpeflCTBemio y ctchkh. 



B HacTOflmeii paGoTe /yra sa^anH Kpaiviepca nocTpoeHO pacnpe^ejie- 
iiiie MaccoBoii ckopocth Bo3e-ra3a b nojiynpocTpaHCTBe h HaxoflHTca ee 
3HaHeHHe HenocpeflCTBemio y ctchkh. ,ZJjih SToro BbiBOflirrcsi (popMyjia 
(paKTopH3an,HH flHcnepcHOHHoft (pyHKi^iiii. ilpoBOflHTca cpaBHemie KO- 
3(p(pHi],HeHTOB MaccoBoii ckopocth Bo3e- h OepMH-ra30B. 

1. IlocTaHOBKa 3a,a,aHH h ocHOBHbie ypaBHeHHa 

IlycTb ra3 3amiMaeT nojiynpocTpaHCTBO x > n&ji iuiockoh ctgh- 

KOH II flBIIJKGHIISI BflOJIb OCH 7/ C MaCCOBOH CKOpOCTbK) U y (x) . BflajIII 

ot noBepxHOCTii iiMeeTC5i rpaflHeHT MaccoBoii ckopocth ra3a, T.e. npo- 
cpHjib ckopocth npe^CTaBiiM b BHfle u y (x) = U s l + x — v +00. 

BejIIIHHHa W s £ Ha3bIBaeTC5I CKOpOCTbK) II30TepMHHeCKOrO CKOJIb>KeHII5I, 

fdu\ 

g v = I — 1 . IlpH Majibix rpafliieirrax p w CKopocTb iisoTepMiiHecKO- 

\d/X/ x=oo 

to CKOJib>KeHH5i nponopipioiiajibHa BejiHHHHe rpafliieirra: u s i = K v lg v . 

3j\eCb K v - KOSCpCpHI^HeHT H30TepMIIHeCKOrO CKOJIb)KeHII5I, / - cpeflHsra 

fljiHHa CBoSoflHoro npoGera nacTHu;. 

BejiHHiiHa K v onpeflejraeTCsi KimeTiiHecKiiMii npon;eccaMH b6jih3h no- 
BepxHOCTH. J\j\5i ee onpeflejiemia HeoSxofliiMO peniHTb KimeTiiHecKoe 
ypaBHeHiie b Tax Ha3bmaeMOM cjioe KHyn,ceiia, T.e. b cjioe ra3a, npiiMbi- 
Kaiomero k noBepxHOCTii, tojihi,iihoh nopsiflKa fljiiiHbi CBoSoflHoro npo- 
6era /. 

B pa6oTe [3] Bbme^eHO jiiiHeapn30BaHHoe KimeTiiHecKoe ypaBHemie 
fljia Bo3e-ra3a 

OO 

/i— \-h(xi 1 /i)= / K([i',a)h(xi,[i')d[i', x\ > 0, a < 0. (1.1) 

— oo 

OyHKii,H5i h(xi, fi) CBH3aHa c (pyHKi^iieii pacnpe^ejieHiifl f(x,v) co- 
OTHomeimeM 

f = fo(C) + C y g(C)h(x h C x ). 

B STiix cooTHorneHH5ix x\ - 6e3pa3MepHa5i KoopflimaTa, CB5i3aHHa5i c 
pa3MepHoft cooTHoniemieM x\ = x/It, iyre It - TenjioBaa fljiiiHa CBo6ofl- 
Horo npo6era ^acTHu, Bo3e-ra3a, It = vtt, vt = 1/ y/]3, (3 = m/ (2/c^T), 



vt - TenjiOBasi CKopocTb nacTHu;, K(fi, a) - sippo ypaBHeHira, 

2 °° 

K(», «) = H \^\"\ = [ ln(l - e^ 2 )dr, 

2l {a) J 



a = Ho/iksT), fio - xHMHHecKHii noTemjiiaji MOJieKyji Bo3e-ra3a, C = 
\f]3v - Mo^yjib 6e3pa3MepHoii CKopoerii HacTiin, ra3a, \i = C X: 

/o(C) = -1+^-' = 1^ = (-l + e^ 2 -)2- 

ripaBaa HacTb ypaBHemra (1.1) ecTb yn,BoeHHafl 6e3pa3MepHaa Mac- 
coBaa CKopocTb Bo3e-ra3a, 



00 



U(xi,a) = - J K([i,a)h(xi, fi)dfi. (1.2) 



-00 



B cjiy^ae fliicpcpysHoro OTp a>KGHH5i Bo3e-HacTHii, ot ctghkii rpaHHH- 
Hbie ycjiOBHH npiiHHMaiOT bh^: 

/i(0,//) = 0, /i>0, (1.3) 

h(x h fx) = h as (x h fi) +o(l), zi ->• +00, (1.4) 

r^e 

h as (x h 11) = 2t/ s / + 2G v (xi - fi) 
- pacnpe^ejieHHe HenivieHa— 9HCKora, G v - rpa^neHT 6e3pa3MepH0ii Mac- 

COBOH CKOpOCTH, SaflaHHblH B^ajIH OT CTeHKH, 

'dU(x h a)\ 



dx\ 



G v — 

\ ri.T.1 1 
Pasflejiemie nepeivieHHbix corjiacHO noflCTaHOBKe 



h v (x h ji) = exp ( - —J $(77, ji) 



CBOflHT ypaBHeHHe (1.1) k xapaKTepiiCTiiHecKOMy ypaBHeHHio 

(77 - /i)$(7/,/i) = 77, (1.5) 



B KOTOpOM C06cTBeHHa5I <pyHKHH5I $(?7, fl) HOpMHpOBaHa yCJIOBHeM 

oo 

J K(/i, a)$(r], /j,)d/i = 1, Va < 0, V77 G (-00, +00). (1.6) 

—00 

H3 ypaBHeHHH (1.5) n (1.6) HaxoflHM coGcTBeHHBie (pyHKnnn, OTBe- 
naioinne HenpepBiBHOMy cneKTpy [E 



77 -/z K(r),a) 

Speech chmboji Px^ 1 03HanaeT pacnpeflejiemie - rjiaBHoe 3HaneHne iiHTe- 
rpajia npn HHTerpnpoBaHHH BBipa>KeHH5i 5(x) - ^ejiBTa-cpyHKnira 
flnpaKa, A(z, a) - flncnepcnoHHasi (pyHKirna, 



DC 

X(z, a) = 1 + z J 



K(/i, a)dfi 
fi — z 



-DO 



B [3] noKa3aHO, hto rpaHnnHa^ sa^ana (1.1), (1-3) n (1.4) HMeeT pe- 
nieHHe b Bii^e cyMMBi pacnpeflejieHnsi HenMeHa— 9HCKora h HHTerpajia 
no HenpepBiBHOMy cneKTpy 

00 

h(xi,/j) = 2U s i(a)+2G v (x 1 -ij) + J exp ^$(77, fj,)a(rj)dr]. (1.7) 



B pa3Jio>KeHHH (1.7) 6e3pa3MepHa5i ckopoctb CKOJiB>KeHH5i paBHa: 

U s i{a) = V!(a)G v , (1.8) 
a KOScpcpHnnenr HenpepBiBHoro cneKTpa onpeflejraeTesi paBeHCTBOM 

B paBeHCTBax (1.8) n (1.9) 

00 

V\{a) = / £(fi,a)d(i, £((i,a) = 6(fi,a) — ir, 

7T J 



x ^ Re A (//. a) 



0(/i, a) = arg A (/i, a) = arcctg 



Im A+(//, a) ' 
A ± (^i, a) = A(/i, a) ± m\±K{\±, a). 

OyHKunsi X(z,a) HBjraeTCH pememieM sa^a^ii PiiMatm 

a) A + (^i, a) 



X (/i, a) A (fj,, a)' 

H HMeeT BHfl 



/i > 0, 



oo 



\ 1 t r / \ T ,/ x 1 f £(t, a)dr 

X Iz, a) = - exp Viz, m, V{z,a) = — / . 

z ' ' it J r — z 



2. IlpHBe^eHHe (popMyjiu ckopocth CKOJib^Kemia k 

pa3MepHOMy BH^y 

Oopiviyjiy (1.8) fljia 6e3pa3MepHoii ckopocth CKOJib>KeHH5i npHBe^eivi 
k pa3MepHOMy Bii^y. fljra 3Toro nc-HafloSiiTCH KOScpcpimneHT KiiHeiviaTH- 
necKofi bh3kocth 

V = -^L, (2.1) 
9v 



rfle 

P xy = m J fv x v y d£L, dD, = 



(2s + l)m 3 d 3 v 



g w = ^Gr w , s - cniiH Bo3e-HacTHii,, /z, - noerosiHHaH EIjiaHKa. 
H3 (2.1) nojiy^aeM, hto KHHeMaTiiHecKaa Ba3KOCTb paBHa 

rioflCTaBjiHH b (2.2) BMecTO / ee BbipajKeHiie Hepe3 h(xi,fi), HMeeM: 



ra 4 (2s + l) /' ri 2 



* = - rt v frKnvnd c ^ 3lWx ^ a (2 ' 3) 

YcTpeMji5iH b (2.3) X\ k 6ecKOHeHHOCTH, 3aMeHHM 3j\ecb h(xii[i) Ha 
h as (xii[i). IlojiyHaeM, hto 

2m"( 2s + l) [ C 2 c 2 n(n « c 10(2. + W 

(2.4) 
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r^e 



h{a) = J T 2 ln(l-e a - T2 )dT. 



o 

Tenepb HaM noHajj,o6HTC5i HHCJiOBaa njiOTHOCTb nacTHii, (KOHHeHTpa- 
n,Ha) b paBHOBecHOM coctohhhh: 

N = J f (C)dQ. (2.5) 

Ha ocHOBaHHH (2.5) nojiynaeM: 

oo 

_ 4tt(2s + l)m 3 f 2 _ 2?r(2s + l)m 3 

* - (« y c /o(c)dC - _ (M)w lo(a) ' (2 - 6) 



r^e 



30 



l Q (a) = J ln(l - e a - r2 )dr. 



Ha ocHOBaHHH (2.4) h (2.6) Haxo^HM, hto 

77 5ml2{a) 
N = i/^/o(a) ' 

OTKy^a HMeeM: 

Ha ocHOBaHHH (1.8) HaxoflHM pa3MepHyio CKopocTb cko jib>KeHH5i ; u s i(a) 
Vi(a)l T g v , hjih 



V[(a) 

u sl (a) = -^Igv (2.8) 



Cpe^HioK) AJiHHy CBoGo^Horo npo6era ra30Bbix HacTHii, Bbi6epeM corjiac- 
ho HepHHHbHHH [B]: / = rjy/ir/3/p. no^cTaBHM b sto Bbipa>KeHHe bh3- 
KOCTb corjiacHO (2.7). ITojiynaeM, hto 

v/7T / 2 («) , , V^^(a) 

I = ^ • - — ■ — r, HJIH I = ij 1 - 



^v 7 ^ fo(a)' /o(«) 
CjieflOBaTejibHO, CKopocTb H30TepMHHecKoro CKOJib>KeHHH Bo3e-ra3a B,n,ojib 
njiocKOH noBepxHOCTH paBHa: 

u s i(a) = K v (a)lg v , (2.9) 



rfle 

^i(a)/ (a 



\/7r/2(«) 

- KOSCpCpHITHeHT H30TepMHHeCK0r0 CK0JIb>KeHH5I Bo3e-ra3a BflOJIb njioc- 
KOH nOBGpXHOCTH. 

3. CKopocTb Bo3e ra3a b nojiynpocTpaHCTBe 

J\jik HaxcKKfleHiisi MaccoBoii CKopocTH Bo3e-ra3a b nojiynpocTpaH- 
ctbg BOcnojib3yeMC5i (popMyjiofi (1.2). IIoflCTaBHM b (1.2) pa3Jio>KeHHe 
(1.7). Bocnojib30BaBiiiHCb HopMHpoBKon (1.6), nojrynaeM pacnpe^ejie- 
hhg 6e3pa3MepHoii MaccoBoii ckopocth Bo3e-ra3a b nojiynpocTpaHCTBe: 

oo 

U(x\,ol) = Usi(ol) + G v x\+'^ J exp ^ - —^Ja(r])dr). (3.1) 

o 

Bocnojib30BaBiiiHCb (popiviyjiaMH (1.8) h (1.9) Ha ocHOBamiii (3.1) no- 
jrynaetvi, hto 

U (xi, a) = C v (xi, a)G v . (3.2) 

3jj,ecb 



C v (xi, a) = Vi(a) + xi + - / exp — — . (3.3) 

o 

Ha ocHOBaHHH (3.2) fljia pa3MepHoii ckopocth Bo3e-ra3a b nojiynpo- 
cTpaHCTBe nojiynaeivi: 

u y (x h a) = C v {xi,a)l T g v , 
hjih, paccy^K^aa, KaK h paHee, nojiynaeivi 

w y (xi, a) = K*(xi, a)lg v , (3.4) 

rp<3 BejiHHHHa 

K v (x u a) -=— — — 

- 5iBji5ieTC5i K03(p(pHH,HeHTOM pacnpeflejieHHH MaccoBoii ckopocth Bo3e- 
ra3a b nojiynpocTpaHCTBe. 



4. CKopocTb Bo3e— ra3a Henocpe^cTBeHHO y ctghkh 

riojiaraa x\ = b cpopiviyjie (3.4), nojiynaeM: 

w y (0, a) = K*(0, a)lg v , (4.1) 



r^e 

, C v {0,a)l {a) 

K v {0,a) = i=TT~\ ' 

V 7r '2(a) 

oo 

C „(0,a) = F l( a) + i/?^|^. (4.2) 

7rj r]X{r),a) 
o 

riOKaJKeM, HTO HHTerpajI H3 (4.2) MOJKHO BblHHCJIHTb aHajIHTHHeCKH. 

9to 03HanaeT, hto CKopocTb Bo3e-ra3a (4.1) HenocpeflCTBeHHO y CTeH- 
kh BbiHHCJiHeTCH 6e3 KBa^paTyp. fljifl SToro noTpe6yeTCH HtrrerpajibHoe 
npe^CTaBjieHHe 

00 

1 = , _ Vl(a) -I f ^tinfdn 



X(z, a) it J X (r/ , a) (77 — z) 



HHTerpajibHoe npeflCTaBjieHiie (4.3) BbiBOflHTC^ c noMom,bio KOHTypHoro 
HHTGrpiipoBaHiiH Tax >Ke, KaK h cooTBeTCTByioinee HHTerpajibHoe npe/b- 
CTaBjieHHe fljia KjiaccuHecKiix ra30B [16]. 

Ha ocHOBaHHH (4.3) ^jih z = fi < nojiynaeM: 

00 

1 f sin €(r),a)dr) . 1 , . 

7Tj X{r],a){r) - /I) X(/i,a) 


ycTpeMjrasi /i — > b (4.4), HMeeM: 

00 

1 f sin £(ri,a)dr) . 1 . . 

- / —^7 v — = -Vi{a) - — 4.5 

it J X(r],a)r] X(-0,a) 


OyHKu,HH X(?7, a) npii 77 G (—00, +00) pa3pbiBHa b Hyjie (cm. [Tfi]). 
,Hji5i BbiHHCJieHHH BejiHHHHbi X(— 0, a) BOcnojib3yeMC5i (popiviyjiOH (paK- 
Topii3an,HH flHcnepcHOHHoft (pyHKu,HH. ,ZJjih ee BbiBo^a noHafloSiiTCH pa3- 
jic»KeHiie flHcnepcHOHHoft (pyHKi^iiii npn z — > oo b acHMirroTHHecKHH 
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w \ A 2(a) A 4 (a) 

X(z, a) = ^ -. , z ->> oo. (4.6) 

z z z* 

A2n(a) = ? r , n = 1,2, ■ ■ • . 
Paccy^cflaa KaK h b [16], Ha ocHOBaHHH (4.6) bbibo^hm cpopMyjiy <paK- 

TOpH3aiI,HH flHCnepCHOHHOH (pyHKH,HH 

\( z , a) = l -^\x(z, a)X(-z, a). (4.7) 
lo(a) 

H3 (popMyjiBi (4.7) nojiynaeM: 

X 2 (0,a) = ^|. (4.8) 

BBi6iipa5i 3HaK bgjihhhhbi X(0,a) no HenpepBiBHOCTH, Ha ocHOBaHHH 
(4.8) HaxoflHM: 

x ^=-M- (49) 

Bo3Bpani,aacB k (4.2), nojiynaeM: 



C,(0,a) = - 1 = J^. (4.10) 
YcTpeMjisra a — > — oo b (4.10), nojiynaeM KjiaccHHecKHft pe3yjiBTaT Mep- 

HHHB5IHH [B] : 

C„(0,-oo) ' 



v/2' 

TaKHM o6pa30M, ckopoctb Bo3e-ra3a HenocpeflCTBeHHO y ctghkh paB- 

Ha: 

u y (0,a) = J l ^\lg v . (4.11) 

Ha pHC. 1 H306pa3HM 3aBHCHMOCTB KOSCpCpHHHeHTa H30TepMHHeCKO 
TO CKOJIBJKeHHM OT BejIHHHHBI a - BejIHHHHBI OTHOHieHH5I XHMHHeCKOrO 

noTeHu,Hajia k nponsBefleHHio nocTO^HHOH BojiBHMaHa Ha a6cojiK)THyio 



TeMnepaTypy. IlpH cxrpimaTejibHbix a rpacpHK Bbixo^HT Ha cboio aciiMn- 
TOTiiKy y>Ke npn a ^ — 4. 

TaKHM o6pa30M, aHajiH3 npiiBefleHHoro rpacpHKa noKa3biBaeT, hto 
nepexofl ivie^^y BbipojK^eHHbiM KBaHTOBbiM h KjiacciiHecKHM cjiy^a- 

eM npOHCXOflHT Ha OTHOCHTejIbHO y3KOM HHTGpBajIG 3HaHGHHH <X IlpH 

a ^ — 4 BejiHHHHa KOScpcpiiL^iieHTa npaKTHHecKii coBnaflaeT c aciiMirro- 
THHecKHM 3HaHGHiieM, cooTBeTCTByK)Lu,HM KjiacciinecKOMy cjiynaio. 




Piic. 1. 3aBHCHMOCTb KoscpcpimiieHTa HSOTepMHHecKoro CKOjibJKeHHa Bo3e-ra3a ot 
npiiBe^eHHoro xiiMHHecKoro noTeHijHajia a. 
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Phc. 2. 3aBHCHMOCTb KoscpcpimiieHTOB H30TepMiiHecKoro CKOjibJKeHHH Bo3e-ra3a (xpHBaa 
1) h OepMH-ra3a (KpiiBasi 2) ot npHBe^eHHoro xiiMiinecKoro noTeHunajia a. 




Phc. 3. 3aBHCHMOCTb KoscpcpHUHeHTOB H30TepMHHecKoro CKOJibJKeHHH Bo3e-ra3a (KpiiBas 
1), OepMH-ra3a (KpiiBaa 2) h Bo3e-ra3a c nacre-Toft CTOjiKHOBemiH, nponopuHOHajibHoli 
MOflyjiio ckopocth (KpiiBaa 3), ot npHBe,n,eHHoro XHMHHecKoro noTeHuiiajia a. 



-I 



2 



x 



Phc. 4. IlpcxpHjib MaccoBOH CKopocra Bo3e-ra3a b nojiynpocTpaHCTBe. 3HaneHHe 
npHBe/i,eHHoro XHMiinecKoro nc-TeHiniajia a = — 1. 




Phc. 5. IIpcxpHjiH MaccoBOH ckopocth Bo3e-ra3a (xpHBaH 1, ee aciiMiiTOTHKa - KpHBaa 3) 
h OepMH-ra3a (KpiiBaa 2, ee aciiMiiTOTHKa - KpHBaa 4) b nojiynpocTpaHCTBe. 3HaneHHe 
npHBe^eHHoro XHMiinecKoro nc-TeHiniajia a = — 1. 
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Phc. 6. 3aBHCHMOCTb K03(J)dpHii;HeHT0B MaccoBofi ckopocth Bo3e-ra3a (KpHBaH 1) H 
OepMH-ra3a (xpHBaH 2) HenocpeflCTBeHHO y ctchkh ot npHBeflemioro XHMHHecKoro 
noTeHijHajia a. 
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5. 3AKJ1K3HEHHE 

B HacTOHmeii pa6oTe npiiBOfliiTCfi k pa3MepHOMy BH/ry cpopivryjia cko- 
pocTH H30TepMHHecKoro CKOJib>KeHii5i fljM KBaHTOBoro Bo3e-ra3a. IlpH- 
BOflHTCH rpacpHHecKoe cpaBHemie KOScpcpHinieHTOB CKOJiK>KeHii5i Bo3e- h 
OepMH-ra30B. BbiBe^eiia cpopMyna npocpHjia MaccoBoii ckopocth Bo3e- 
ra3a b nojiynpocTpaHCTBe, npHBOflHTCH rpacpHnecKoe cpaBHemie npocpH- 
jieft MaccoBoii ckopocth Bo3e- ii 0epMii-ra3OB. BbiBe^eiia cpopivryjia fljra 
SHaneHHii MaccoBOH ckopocth Henocpe^CTBeHHO y CTeHKii. npiiBOflirrcsi 
rpacpinecKoe cpaBHeHiie SHaHeHiiH MaccoBOH ckopocth HenocpeflCTBeH- 
ho y CTeHKii fljisi Bo3e- 11 OepMii-ra30B Kax (pyHKUHH npiiBeflemioro 
xiiMHHecKoro noTemriiajia, npe r n,CTaBjT5iiOHi,ero co6oii OTHonieHiie xhmh- 
HecKoro noTeHu;najia k npoiiSBeflemiio iioctohhhoh BojibirMaHa Ha a6co- 
jiiOTHyio TeMnepaTypy. 

ripHBefleH HHCJieHHbiii aiiajiii3 nojiyneinibix pe3yjibTaT0B, npe^CTaB- 
jieHHbiii b Bii^e rpacpiiKOB Ha pnc 1-6. Ha piic. 2 npiiBe^eHO cpaBHemie 
K03(p(pHrj,HeHTOB H30TepMHHecKoro CKOJib>KeHH5i fljisi Bo3e- ii OepMH- 
ra30B. Pa3JiHHHe MOK^y stiimh KOScpcpimiieHTaMii, KaK bh^ho ii3 pnc 2, 
HaSjiiOflaeTCH b fliianasoiie — 4 < a < 0, npii a < — 4 pasjiiiHiie MOK^y 
K03(p(pHrj,HeHTaMH HecymecTBeHHO. Tohho Taxaa >Ke cnTyau;n5i Ha6jiio- 
flaeTca ii fljisi 3HaHeHHii K03cp(piirj,iieHT0B MaccoBoii ckopocth Henocpefl- 
CTBeHHO y CTeHKii fljisi Bo3e- h OepMH-ra30B (cm. pnc 6). Ha pnc 3, 
b OTjiiiHiie ot piic. 2, ^oSaBjieHa KpiiBan 3, OTBeHaiomasi KoacpcpHinieii- 
Ty HSOTepMH^ecKoro CKOJib>KeHH5i Bo3e-ra3a c HacTOToii ctojikhobchiih, 
nponopn,HOHajibHoii MO^yjiio ckopocth MOJieKyji. 

Ha pnc 4 npiiBOfliiTCH pacnpeflejiemie MaccoBoii ckopocth b nojiy- 
npocTpaHCTBe Bo3e-ra3a. Ha pnc. 5 npiiBOflirroi cpaBHeHiie pacnpe^e- 
jieHiiii MaccoBoii ckopocth b nojiynpocTpaHCTBe fljra Bo3e- h OepMii— 
ra30B. 3to cpaBHeHiie noKa3biBaeT, hto BejiiiHiiHa MaccoBoii ckopocth 
6ojibine fljiH Bo3e-ra30B, neivi fljra 0epMii-ra3OB. 
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